ELECTRICAL MEASUREMENTS AND THEIR INDUSTRIAL APPLICATIONS 



PEHIMEIVTEfl 


A NEW R-F BRIDGE FOR USE AT FREQUENCIES 
UP TO 60 MC 



• THE NEED FOR A SIMPLE, ACCURATE INSTRUMENT 

to measure relatively low im[)eflaiiees in lerins of their effeetivc series re¬ 
sistance and reactance components has l>een pressinj^ ever since quanti¬ 
tative information regarding antenna characteristics was first desired. 
The Type 516 Radio-Trequency Bridge,^first offered for sale in 1932, 
proved very satisfactory for such measurements at frequencies up to a 
few megacycles, and therefore found particular use in measurements of 
radiating systems in the standard broadcast band. However, as the up|)er 
frequency limit at which accurate measurements of im{>edance are re¬ 
quired has increased, the limitations of this early bridge design have 
become increasingly apparent. 

The Type 916-A Radio-Frequency Bridge,** described in this article, 

replaces the Type ^ i a i- .• . r * i , 

/ Ficire 1. Adjusting antenna coupling nctworkB at 

516-C Radio-rre- Radio Station W tlDlr with the Type 916-A Radio- 

fluency Bridge, Krequemy Bridge. 

supplying a wider 
range of diret't im- 
|)edance measure¬ 
ment in a more 
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Fu;rKK. 2. Klcnirntary cirruil fliupram of the 
Tyi»k ‘)I6*A Kailio'Fmiurnry Hrnic**. Th«* im¬ 
portant fratiin* iliHtinpuiHhinp tliirt briiipr from 
tin* So.lirrinp hri«lpi* in tin* Hrri«*» nnlifttitiilion 
methiNl of (‘oiiin*<*liiip tin* unknown irnixMlance. 
Tin* unknown rrarlain’r in <l<*ti*rmino<l from tin* 
ehanpr in t^ottinp of tlin r.oinlriiHer (Ip ainl tin* 
unknown rr«iHtani*i* from tin* l•llallpc in unttinp 
of tin* roinh*nM<*r (Ia. 

ronvrninit form <)Vf*r a wider frec|uencv 
ran^v. W I tile useful as a general purpose 
inslrunieiil in llie laboratory, the new 
bridge is parlieiilarly inlendeil bn* ineas- 
iireinents on ratliating systems, ami has 
|»een designed for ma\imiim eonvenience 
in ibis applieation. 

In addition to the greatly inereased 
frecpieiii-v range, the new bridge has two 
features ibat <listingui^ll it from the 
obler bridge, namely a eonsitlerably 


greater dircel-reading resistanee range, 
and a simplified dial for reading react- 
anee. The resistanee range, from zero to 
1000 ohms, is eovereil on a single S'' tlial 
with a scale that is roughly linear from 
zero to 1 ohm and logarithmic from 
1 ohm to KMM) ohms. 'Hie resistance-tlial 
reading is inde|H‘ndent of frequency. The 
reactance range, from zero to i>000 ohms, 
is covered on a single 4' dial with a scale 
that is roughly linear from zt*ro to 50 
olinis and logarithmic from 50 ohms to 
5000 ohms. The reactance-dial reading 
varies directly with fretpiency, the en¬ 
graved scale l>eing direct r**ading at a 
frequency of 1 Me. 

CIRCUIT AND THEORY 


To achieve these greatly increased 
frequency and resistance range's, the new 
circuit shown in Figure 2 has lK‘en de¬ 
veloped. 

Similar in ap|K*arance to the Schering 
bridge circuit, the new circuit differs in 
the method of connecting the unknown 
impedance and the inethml of measuring 
the reactive com|Hment. The balance 
conditions are: 



(1) 

Cv 


1 Hp 1 

(2) 

josCp Ha ytoC.v 


Vi hen an im[H*dance, = Hs 4- y 
is to l>e measured, the bridge is first bal¬ 



anced by means of the condensi*rs Ca 


Fit;i RE 3. (icnnplelt* rirciiil Wiapram nf tin* 

'rvCR Katlio-FnKpiPiiry oriilpt*. 'I'lie 

Hwitch rhanpes tlir value of the ratio arm 
thereby i*slabliHliinp the initial settinp of 
the reactance dial at minimum (»r maximum for 
measiirinp inductive or capacitive reactance. 

I’he trimmer capaeitanci*?* (!,v\ are iiseil ti» 
make the capacitance from point “a” to ground 
the same for the two |MNiitioii« of the A-f ’ Mwitch. _ 
The trimmer rapacitance Cjv'" is a part of the 
phip-in tranisformer aiiM*mhly and is used to 
ec|iiali/e the groiind capacilancet* of the two 
transformers. 
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and Cp with a short circuit across llic 
UNKNOWN terminals. The short cir¬ 
cuit is then removed, the impedance 
connected, and the iiridge rebalanced. 
Tliis series-substitution method leads to 
the simple relationships: 



in which subscripts 1 refer to initial bal¬ 
ance values and subscripts 2 to final 
balance values. 

Equations (3) and (4) show^ that the 
resistance? and reactance balances are 
independent and that each depends di¬ 
rectly upon a change in setting of a 
variable air condenser. The absence of 
the cross terms that make the power- 
factor anil capacitance balances inter¬ 
dependent in the Sobering bridge results 
from the fact that the zero capacitance 
of the condenser Ca is balanced by the 
resistor Rp rather than by a trimmer 
capacitance Cp across the ratio arm Rp* 
The fact that the resistance comjKment 
is measured in terms of the fixed re¬ 


sistance, Rp, and variable capacitance, 
C^, is vital in establishing the wide fre¬ 
quency range, since these elements can 
be made with very small residual param¬ 
eters. They combine, in this circuit, to 
form the equivalent of a continuously 
variable resistor having residual react¬ 
ance much less than any variable re¬ 
sistor currently known. 

DESCRIPTION 

The complete circuit diagram of the 
bridge in Figure 3 shows the modifica¬ 
tions in the basic circuit of Figure 1 
necessary to meet the needs of a com¬ 
mercial instrument. The condensers Ca' 
and Cp' are trimmers for setting zero on 
the resistance and reactance dials when 
makmg the initial balance. The two 
ratio arms, Ra{L) and Ra(C), and the 
associated sw'itch are provided so that 
the reactance dial can be set initially at 
zero for measuring inductive reactances, 
or at 5000 oluns for measuring capaci¬ 
tive reactances. 

A panel view of the instrument is 


Figure 4. Panel view of the bridge. The standard cuiiuecting leads supplied with 
the instrument plug into the jack adjacent to the reactance dial. 
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slioHii ill Figure 4. liiiiiieilialely Ix^lcm 
llie RF^SISTANCE dial, al ihe righl, i>* 
the INITIAL BALANCE knob eon- 
trolling the condenser Ca\ lininediatel> 
Ih4ow the KIvVCTANCF^ dial, at the 
left, is the INITIAL BALANCE knoh 
controlling the condensiT Cp\ linniedi- 
ately above the Rt]ACTAN(>F^ dial is 
the L-C switch for measuring inductive 
anil capacitive reactances. The jack to 
w hich the unknown iiniiedatuv connects 
is nioiinted in the center of the circular 
window above and to tin* right of the 
RFyA(>TANCE dial. A connecting lead, 
with a probe that plugs into this jack 
and that houses resistor is used to 
connect to the unknow n iin|KMlance. 'Lwii 
of these leads, of different lengths, are 
supplied with the instrument. 

DESIGN FEATURES 

bile the circuit of F igure 2 is. in 
general, inherently more suitable for 
high frequency o|ieration than previously 
us4‘d circuits, the actual characteristics 
obtained are directly aflectcd by the 
mechanical and electrical design. Some 
of the more interesting features are 
descrilNMl lielow. 

In F'igure 3 triple shielding is shown 
surrouniling the reactance-measuring 


assembly comprising capacitances Cp 
and Cp\ 'rile inner shield localizes the 
variable stray capacitance of the RF^- 
ACTANfTI conilenser, Cp, within the 
shield so that it cannot ap(K'ar across 
the INITIAL BALANCF^ condenser, 
Cp', and caiisi* interlocking of the set¬ 
tings of the two conilensers. The middle 
shield eliminates any capacitance of the 
inner shield to ground and substitutes 
an intersliield capacitance across the 
INITIAL BALANCE condenser. The 
outer shield eliminates the capacitance 
of the middle shield to ground and sub¬ 
stitutes an intershield capacitance across 
the secondary of the transformer. The 
assembly as a whole therefore prevents 
any capacitance hut that of the measure¬ 
ment jack itself from ap(R*aring across 
the measurement terminals, and elimi¬ 
nates any capacitance to ground be¬ 
tween the measurement jack and the 
right-hand corner of the bridge. The 
capacitance of the outer shield to ground 
apfiears across tin* condenser, Cjv, in the 
lower left-hand bridge arm. Actually the 
outer box dimensions and the spacing to 
the panel and cabinet sliielding are so 
chosen that this residual capacitance 
forms the capacitance. Cv, itself. 

Two 1:1 plug-in shieldeil transformers 
are supplied to cover the frequency 
ranges from MM) kc to 3 Me and 3 Me to 


Kict HK 5. S«*<*ti«iiial of tlir titiii'IcJeil plug-in transformer. 'I'o make tlir shielding 
an rom|tlrte ar« |»oti»il»le eacdi Hiiidiiig ih iiulividiialh shielded ^illi cop|H‘r ft»tl. in 
addition to tne slotted tiros;* tiilH*s. 
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(K) Mc\ \s slum II ill Figure 3, double 
shielding is ref|iiired lo eoin|ilete the 
shielding system of the reae.lanee- 
eondenser assembly. The fimdamental 
shielding re(|iiirements are that the 
grounded primary In^ l<N*ated within a 
shield at groiiml |>otential and that the 
ungrounded seeondar) lu^ loeated within 
a shield eonneeteil to the left-hand eor- 
ner of the bridge. 'Fhe shielding must 
prevent eapaeitive eoiipling Iwtween the 
windings, must Im‘ lot^ated so that the 
eapaeitanee b4*tween the two shields is 
small eompared with the I'apai'itanee to 
ground of the outer shield of the react- 
ant'O-i'ondenser assembly, and must not 
st*riously impair the magnetic coupling 
U'tween the wimlings. The design that 
has Ik^en found to furnish a satisfactory 
compromise is shown in Figure 5. 

'File most serious sour<*e of trouble in 
the design of thes** transformers was 
found to be the electronmiive forces in¬ 
duced in the two split brass tubes list'd 
as shields laMweeii the primar\ ami 
secttndary. llie |Mitenlial ilifftTence taken 
along a ratlins lurtween tlit‘st' tidies is 
practically zero at any point sti long as 
the slots in the two tubes are lineil up. If. 
however, the slots are not immtMliately 
opfMisite, over a sector In'tweeii the two 
slots the radial |iotential tliffereiice is 
apprtiximately etpial to the electromo¬ 
tive force in<lu<*etl in a single turn in the 
magnetic fieltl. Oapacitive tMiupling 1 k'- 
tween the twti shicdtls over this secttir 
t*auses a residual coni|M>nent of \oltage 


to 1 m* introilucetl from the left-haml 
corner of the bridge to ground. 'Fhis 
com(Minent can cause \er\ large errors 
in Inith resistance and reactance meas¬ 
urements at the higher freipiencies. 
Locating the leads to the windings di¬ 
rectly opposite the slots connecting the 
brass tubes to the coil at the same |Riint« 
and lining up the slots carefully, makes 
the error from this source negligible. 
Rotation of th«* outer brass tube with 
res|M*ct to the inner, in faet. is used as an 
adjustment to eliminate it. 

Residual unwanted im|M*danccs in the 
various circuit elements and in the 
wiring caus<* de\iations from the ideal¬ 
ized lK*havior so far tacitly assumed. 
Since the corrections that must be made 
for them generall\ de|M*ml u|Nm fre- 
ipieiio, they determine basically the 
freipienc\ limits between which the in¬ 
strument is satisfactory. One of the two 
corn*ctions to 1r* maile is necessitated b> 
the loss in the dielectric structure of the 
RF\CT\N(!F condenser, Ce* Fhis loss 
causes an effective series resistance that 
varies inversely as the freipieiiey and 
inversely as the square of the capaci¬ 
tance. It establishes the lower fn*quenc\ 
limit for accurate measurements in the 
vii-inity of 100 kc. A plot of the elTective 
series resistance as a function of dial 
setting and frequenc\ is shown in Fig¬ 
ure 6. 'Fhe other correction to U* made 
arises from the effective series induc- 
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APPLICATIONS 


lani’e of the KKSISTANCE coinleiisiT, 
Cji, This residual inductaiiee, L, eaiis4*8 
the effee.iive capueitanee, C.u tliffer 
from the static cupaeilaiK-e, aeeonU 
ing to the relation 


1 - u^LCa 

\ plot of the correction to he made to 
the RESISTANCK dial reading as a 
function of frequency is sho>vn in Fig¬ 
ure 7. As the frecpiency is raised, the 
inductance is seen to reduce progressively 
the resistance range tJiat can be meas¬ 
ured and to establish an upper limit for 
accurate measurement in the vi<*inity of 
60 Me. 


riie \%ide fn*quency range coverctl by 
the ne>^ bridge |R*rinits convenient and 
accurate direct measurements of Ion 
im{)edaiices at frecpiencies extending up 
tiu'ough the f-m band to the top of tele¬ 
vision channel 1. Two typical examples 
of measurements on an antenna and 
transmission line at frequencies Im* tween 
2.5 ami 60 Me are shown in Figures 8 
and 9. In aildition to measurements of 
im|)edances that fall within the dire<’t- 
readiug ranges of the bridge, measiu*e- 
ments can, of course, l>e made of liigher 
impedances by indirect methmls. The 
following examples show* procedures to 
be followed in making typical measure¬ 
ments. 


LEAD CORRECTIONS 

In common with other lyqa's of 
impedance-measuring equipment, the 
bridge can only measure im[>edanc<‘ at 
its own terminals. The residual iin|MMl- 
ances of the leads used to connect the 
unknown iin|)edance to these terminals, 
however, often causes tliis impedance to 
differ from the ini|X‘dance ap^iearing at 
the terminals of the ilevice under test. 
Under some circumstances the difference 
can be ignored and the measured irii- 
|)edance taken as the inqiedance of the 
device under test, including the leads. 
In most cases, however, the device will 
not be used with the same leads used to 
connect it to the measuring instrument 
and it is necessary to com[)ensate fi>r the 
effect of these leads to obtain the desired 
impedance. 

To insure standard measurement con¬ 
ditions, two connecting leads are sup¬ 
plied. one about S'* long and the other 
about 27' long, over-all. Approximate 
capacitance and inductance figures are 
given in the instruction book and sim¬ 
plified proi'cdures for making the correc¬ 
tions are outlined. 


(o) Meanurvincnt of 1(H) fxfif ContUm»er ttt 500 
Kilocy-rles, 

The iinkjiown iiiipf^lancc, in tluA example, is 
a small mica condenser of eood poHcr factor. 

Plu^ short connecting h^ad (916 P3) into 
panel jack and fasten one lead of unknown con¬ 
denser to panel binding post. Adjust location 
of unknow n condenser so that clip of connecting 
lead can be transferred from ungrounded con- 
ilcnser lead to grounded condenser leail with 
niiiiiinuni change in connectiuc-lead fMMition. 
Reactance of condenser will be aliout 32(K) 
ohms (1600-ohm change in dial reailing) so 
balance cannot l»e made with s%vitch in L posi¬ 
tion. 

ith switch in C iMisition establish an initial 
balance. Set the RF.AtnWNCE dial at the low¬ 
est convenient reailing, say UMJO ohms. 

'fransfer clip of c^mnccting lead to un- 

f ;rounded lead of unknown condenser and re- 
lalance with RESISTANCE and REACT¬ 
ANCE dials. Sup|MMie the respexUive readings 
are 2.3 ohms and 2450 ohms. Before corrections, 
the observed resistance, /?„ and reactance A'„ 
arc: 

H, - 2.3 ohms 


2450 - 4000 
0.5 


— .3100 ohms 


To correct for dielectric loss in the REACT¬ 
ANCE condenser look up in Figure 6 the 
effective resistaiicci* ff>r dial settings of 40(H1 
ohms and 2450 ohms at 0.5 Me. The l•orre*•tell 
value of Ht then becomes 

R. = 2.3 i 1.5 - 0.6 = 3.2 ohms 

To correct for the connecting-lead eapaei- 
taiicc to ground, liM)k up. in the lead reuctanee 
chart, the eorrespondiog reactance A«. It is 
— 114,000 ohms. Applying Equatiems (5a) and 
(6a)« which are given in the instruction biiok. 
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■ 3.4 !J 


(-3I(H»» - (3JZy 


s.^-3m+ 

= — 318-t n (capacitive) 

From tlie«r mraAurcnirntA, the capacitance, 
and diMipation factor,* D, — , are: 

A j 

^ 10*» 

* 2ir X 0.5 X 10» X 3iai 


3.4 

Ox = 3j^ = 0.0011 - 0.11% 

This example is cited as an extreme case, in 
which failure to correct for the dielectric loss of 
the REACT.\Nf-E condenser leads to an error 
in resistance measurement of nearly 30' /,. For 
impedances in which the resistance c4>m[>onerit 
is larger compared with the reactance compo¬ 
nent the correction is of less importance. 

(5) Measurrmmt of lirot$tlcast Anttmna at 
1170 Kilocycles. 

In a typical case, the antenna terminal is 
located within a metal rack in a small house at 
the foot of the antenna tower. The bridge can 
l>e set up on packing boxes to come up to the 
front of the rack but cannot be brought close 
enough to the antenna terminal to use the short 
connecting lead (916-P3). 

Plug long connecting lead (916-P4) into 

f )anel jack, (vroiind bridge to rack with short 
cad, preferably of copper strip 1' or so wide. If 
this connection cannot l>e ma«ie conveniently to 
the clamp provided on the instrument case the 
panel can be liM>sened and a piece of copper foil 
slid onto the crack between the panel and the 
instrument case. Do not ground to panel senavs 
as they may not In* making amtact to the nancl he- 
cause of paint. Arrange connecting lead so that 
it can 1^ clipped to antenna terminal or to 
nearest ground point on rack with as little 
change in physical location as |M>ssible. 'I'he lead 
Hhoiild be kept as far away from metal objircts 
as |><»ssible tnroughout its length by any (con¬ 
venient means such as sus|>eiiding it with string. 


Thi* qijsntitv i« practically rnual to the power tartnr 
{Hg/Zz) for email vafiire. and U ofieii eo miecallcd. 


Suppose the antenna to l>e about 0.6 wuve- 
leiigtns long, with an impedance having a 
capacitive reactance (*onuM>nent. With the 
toggle switch set to the C position, and the 
(‘onnecting lead grounded to the rack, establish 
un initial balanct*. Set the REACTANCE dial 
to 5000 ohms pending further knowledge of the 
magnitude of the reactance. 

Transfer clip of «*oniiecting lead to antenna 
terminal and rebalance with RESIST.ANf'E 
and REACn .ANCE dials. Sup|K>se the respec¬ 
tive readings are 193 (ihms and 4850 ohms. The 
resistance reading is ade(|iiate; the reactance 
reading is not os precise as might be desired 
because of crowding of the REACEANCE 
scale. To obtain a more precise reactam^e raeaa- 
iireinent. throw the toggle switch to the L |K»Hi- 
tion, set the REAE'I .VNCE dial to zero and 
rebalance the bridge with the two INITIAL 
HA LANCE controls. Transfer clip of connect¬ 
ing lead to ground on rack and rebalance with 
RE.'^ISTANCE ami RE-AfTANCE dials. The 
RESISTANCE dial should rebalance at zero; 
siip|M>se the REACTANCE dial reading is 160 
ohms. Before corrections, the observed re¬ 
sistance. Hf. and reactance. are: 

/f, - 19.3 ohms 


V. 


= —137 ohms 


-160 
1.17 

3'he corrections for dielectric loss in the RE- 
AiTANCE condenser and indtictan(*e in the 
RESISTAN(T!I condenser are seen, from Fig¬ 
ures 6 and 7, to l»e negligible. To correct for the 
conneiaing-lead capacitance to ground, look up, 
in the lead reactance chart, the (‘orresponding 
reactance, X^. It is —16,000 ohms. Applying 
Ecpiations (5a) and (6a), which are given in the 
in<»truction Iniok. 


- H>6 U 

Xz = -137 + 


(-1.37)*- (193)» 


-16,000 
— 136 li (capa(’itive) 

In this example, corrections are very small. 


FiccreO (rigkl). Input reactance and resistance 
of a transmission line. The solid lin(*s show calcu¬ 
lated values; the circles, values measured with the 
bridge. 

Fichre 8 (heiotv). Reactance and rf*sistance of an 
antenna system as measured by* the bridge. 
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Thr Ty!»k *>I6-A |{ailio-FV«Mniency Bridpe is 
particularly suited for such measurements. 

(e) Mi^iisiiromvnt nf TormiunUti 72-(fhm (jpox- 
ini Lint' nt 5it A/r. 

At verj- hivli frequencies, leatl corrections 
liecome very imp<irtunt. It is, therefore, neces- 
sarv’ to use the short connecting lead (916-1*3). 
It i^s alM> desirable, if possible, to bring up the 
outer conductor of the coaxial line over the 
panel and make contact to it directly at the 
ground binding [xist on the panel. 

Plug short couiieeting lead (916-P3) into 
panel jack, filip to outer conductor of line or to 
ground binding post on panel, set toggle switch 
to the L position, and establish an initial bal¬ 
ance. Set n KA( ITAINCK dial to as low a value 
as possible, say ohms. 

Transfer clip of coniui’tiim lead to center 
conductor of coaxial line and rebalance w’ith 
KESISTANCK and KIv\( TANCE dials. Sup¬ 
pose the respective readings are 64.5 ohms and 
rk50 ohms. Before eorreetioiis, the observed 
ri*sislance. and reactance, .\„ are: 
iit = f^ko ohms 

.. 14,50-.5(m , 

\, =-— - = + 19 ohms 


To correct for inductance in the RESIST- 
ANtlE condenser hsik up, in Figure 7, the 
cornH'tion for a dial reading of 6.5 ohms at .50 
Me. It is 1.17. 'Pile correi'ted value of /k then 
becomes 

/k = 64.5 X 1.17 — 7.5.1 i>hms 

To I'orrect for the conne<*ting-lead capaci¬ 
tance to ground, look up, in the lead reactance 
chart, the crirresponding reactance, \d. It is 
-11.50 ohms. Applying iMpiations (5a) and 
(6u), which are given in the instruction bcsik, 

= 72.6 li 


V, - -f 19 -f 


(4 19)* - (75.4)5 

-11.50 


= +23.7 (inductive) 

This example is cited as an extreme case, in 
which failure to correct for the iiuluctance of 
the RESISTANCE condenser leads to an error 
in resistance measurement of the order of 12 


— 1). B. Sinclair 


SPECIFICATIONS 


Frequency Range: KK) kc to 60 Me. 
Reactance Range: .5(M)0 at I Me. This 
range varies inversely as the frequency, and at 
other frequencies the dial reading must be 
divided by the freipiency in megacycles. 
Resistance Range: 0 to KKK) a 
Accuracy: For reactance, i:2% d=l U. 

For n‘sistauce, it I ibO. ISk subject to cor¬ 
rection for residual parameters. At high fre¬ 
quencies the correction depends upon the fre¬ 
quency and upon the magnitude of tlie unknown 
resistance comp*»nenl. At low frequencies the 
correction <le|»ends upon the friipiency and 
U|Mm the magnitinie i>f the unknown reactance 
conqxment. riots of both these correi'lions are 
given in the instruction hook that is supplied 
with the bridge. 

Accessories Supplied: Two input trans- 
ffirmers, tine covering the range from KM) kc to 
3 .Me, the other from 3 Me to 60 Me: two leails 
of different lengths (ftir connecting the un¬ 
known impetlance); twti ctiaxial cables ftir t;on- 
necting generator and tietector. 

_ Type _ 

916-A j Radio-Frequency Bridge . 

I'airnt applirtl fur. 


Accessories Required: A radio-frequency 
generattir anti delector arc required. The Typk 
W), 5-B Stantlard-Signal <Generator is a satis¬ 
factory generator. A well-shielded radio re¬ 
ceiver covering the desired freciuency range is 
recommeniletl as the tietector. The ctiaxial c.able 
supplied for connectitin to the receiver is fitted 
with spade terminals at tine entl for connection 
to the receiver input terminals. Ftir best re¬ 
sults. however, it is recommeniletl that the 
reepi>er he filtetl with a 'PvPK 77l-(i Panel 
Plug anti the cable with a Typk 774-M flable 
Jat'k. 

Mounting: Airplane-luggage type case with 
carrying handles. Both input transformers are 
mounted inside the case. Coaxial cables, leads, 
anti instruelion btxik are storetl in the cover 
of the instrument when not in use. 

Dimensions: 17 X 13* 2 X 11 Vs inches, over¬ 
all. 

Net Weight: 3.5 pountls. 

dnfir Wont Price 

.. ...| tjvit; I JF.3.50.(M) 


GENERAL RADIO COMPANY 

30 STATE STREET CAMBRIDGE A. MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 
90 WEST STREET, NEW YORK CITY 
1000 NORTH SEWARD STREET. LOS ANGELES. CALIFORNIA 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 








